Bismuth substituted gadolinium iron garnet thin films (BixGd3-xFe5O12) were prepared with x = 1, 2, and 2.5 on glass substrates by enhanced metal organic decomposition (EMOD) method. We mixed the solution containing Fe2O3, Bi2O3 and Gd2O3 carboxylates so that we could obtain desired Bi content x. X-ray diffraction (XRD), optical transmittance / reflectivity, and Faraday rotation (FR) were measured for characterizations in order to examine their dependence on annealing temperatures and different amount of Bismuth substitution (x). When BixGd3-xFe5O12 thin films were directly prepared on glass substrates, Bi2O3 phase were observed by XRD measurements and with increasing Bi content x from 1 to 2, the FR increased from 1.2 to 5.8 deg./μm at the wavelength of 530 nm. FR of Bi2.5Gd0.5Fe5O12 thin films prepared directly on glass substrates were smaller (0.35 deg./μm) than those with x = 2. When Bi2.5Gd0.5Fe5O12 thin films were prepared with annealing temperature of 620 o C with Gd3Fe5O12 buffer layer on glass substrates, the films showed garnet crystal structure and FR, which is comparable with that of Bi2.5Gd0.5Fe5O12 thin films prepared on (111) (GdCa)3(GaMgZr)5O12 (SGGG) single crystal substrates. These results demonstrate that BixGd3-xFe5O12 thin films can be prepared on glass substrates with controlled Bi content and that FR as high as that prepared on the SGGG substrate can be obtained by the EMOD method.
Introduction
Bismuth substituted rare-earth iron garnets have a considerable interest owing to their large magneto optic effect. Large FR with high transparency in the visible to near infrared range 1) are key properties which made the magnetic garnet materials suitable for various applications for magneto-optical device elements such as in magnetoplasmonic structure 2) , optical isolators 3) , circulators 4, 5) , and magnet photonic crystals (MPCs) used in magneto-optic spatial light modulators (MOSLM) [6] [7] [8] [9] .
Bismuth substituted gadolinium iron garnet (Bi:GdIG) is a ferrimagnetic material and shows perpendicular magnetic anisotropy, which is one of the most desirable materials for magneto optical devices owing to its high optical transmittance and extremely high magneto optical activity in the visible and near infrared regions 10, 11) , which enable this material to have high frequency application. FR can be controlled by Bi substitution of Gd. Therefore, it is very important to control the amount of Bi substitution in order to control and increase the FR. There are several methods to prepare the bismuth substituted rare-earth iron garnet thin films such as a laser ablation 12) , a liquid phase epitaxy 13) , RF magnetron sputtering 14) , etc. Among them, metal organic decomposition (MOD) method is a promising one to prepare magnetic garnet film, because it is a simple fabrication method which is composed of spin coating of the MOD solution and annealing, and guarantees high uniformity in chemical composition and purity combined with chemical stability. It was reported that BixGd3-xFe5O12, BixY3-xFe5O12, and BixY3-x(FeGa)5O12 thin films were prepared on gadolinium gallium garnet (GGG) [12] [13] [14] [15] [16] [17] and glass substrates 18) . We have prepared Bi:GdIG thin films on GGG substrates by annealing with and without O2 gas and investigated the crystal growth process and magnetic anisotropy 19) . The fabrication of magnetic garnet such as Bi2.5Y0.5Fe5O12 films was reported by using Nd2Bi1Fe4Ga1O12 buffer layers on glass substrate which was fabricated by the MOD method, and FR of 13.8 deg./μm at = 520 nm was reported for the Bi2.5Y0.5Fe5O12 films 18) . It is important to obtain BixGd3-xFe5O12 thin films having higher Bi content x and FR. However, it is reported that preparation of BixGd3-xFe5O12 with high Bi content on glass substrates is difficult [12] [13] [14] [15] [16] [17] . Therefore, fabrication of BixGd3-xFe5O12 thin films with various Bi content x and characterization of FR are important. In order to investigate the effect of changing the Bi content x on FR of BixGd3-xFe5O12 thin films by increasing the Bi content x systematically, we fabricated the BixGd3-xFe5O12 thin films on glass substrates by the EMOD method.
Furthermore, we used the Gd3Fe5O12 buffer layer in order to fabricate the BixGd3-xFe5O12 thin films with higher x of 2.5 showing larger FR by the EMOD method.
Experiments
We fabricated BixGd3-xFe5O12 thin films with x = 1, 2 and 2.5 at different annealing temperatures of 620°C, In order to estimate the thickness of the BixGd3-xFe5O12 films, we fitted the measured optical reflectivity spectra to reproduce the experimental results by the calculated reflectivity spectra. We calculated the reflectivity spectra by considering the multiple reflection inside the BixGd3-xFe5O12 films by interfaces between air / film (af) and film / glass substrate (fs). We assumed that the film thickness is uniform and the glass substrate is non-absorbing and incoherent material. The reflectivity R is calculated by the following formula (1) 21, 22) . Then we tried to fabricate a Bi2.5Gd0.5Fe5O12 thin film on the GdIG buffer layer / glass substrate. The final annealing temperature for Bi2.5Gd0.5Fe5O12 thin film was set at 620°C instead of the annealing temperature of 650°C shown in figure 2 . This is because when the final annealing temperature of the Bi2.5Gd0.5Fe5O12 film is the same or higher than the final annealing temperature for the GdIG buffer layer/glass sub., the part of crystal structure of the GdIG buffer layer can be destroyed 25) . Therefore, we set the final annealing temperature at 620°C for the Bi2.5Gd0.5Fe5O12 film on the GdIG buffer layer/glass sub. Therefore, we estimated the fabricated crystal structure by the EMOD method to the garnet structure. press and annealing method 26) . Also it was reported that Bi2.5Gd0.5Fe5O12 films on Nd2Bi1Fe4Ga1O12 buffer layers on a glass substrate which was fabricated by the MOD method had FR of 13.8 deg./m at  = 520 nm, which is half of the FR of our Bi2.5Gd0.5Fe5O12 thin films on the Gd3Fe5O12 buffer layer / on glass substrate 18) . Therefore, our samples fabricated by the EMOD method showed 2 -3 times larger FR compared with that of previously reported BixGd3-xFe5O12 samples. 
